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Specification 

1. Title of the Invention Memory control method 

2. Claims 

A memory control method characterized by being endowed with 

a memory access time holding means in which the access time of the memory is entered, 

and 

an access time entering means that enters the access time of the memory that should 
access, said memory access time holding means, and 

a time detection means that detects the passage of the access time held in the above- 
mentioned memory access time holding means, and 

devised so that the memory access of the memory that should access when the memory 
access time held in the above-mentioned access time holding means has elapsed has 
ended is confirmed. 

3. Detailed Description of the Invention 

The present invention concerns a memory control method, particularly, a memory 
control method that has enabled access even with respect to a plurality of memory with 
different access times. 

Due to great progress in memory manufacturing technology, memory devices have 
been made into mass storage devices, and although a lowering of costs, to some extent, is 
being carried out, high speed memory is as expensive as ever. However, on the other 
hand, the situation has developed so that inexpensive and, moreover, mass storage types 
of low speed memory can be obtained. And, when controlling data processing equipment, 
• due to its versatility, expandability, easy of correcting design mistakes, and the like, a 
microprogramming control method that controls with a microprogram has become the 
mam trend for data processing devices, and for this reason there is an increasing tendency 
for memory to be made mass storage. 

However, if viewed from the viewpoint of cost reduction, an increase in memory 
storage capacity is wanted, but there is a demand not to make everything high-speed, but 
to constitute one part of high-speed memory devices and one part of low-speed memory 
devices, for example, to store in high-speed memory devices items that are used 
frequently such as resident programs. Consequently, in this type of case, accessing a 
plurality of memory devices of different operation speeds becomes necessary. 

However, as interfaces with the memory used up to now there are: (1) as an 
asynchronous interface there is the method that transfers a read start signal or a write start 
signal to memory from a memory control circuit, and confirms the end of writing or the 
end of the extraction of read data, with respect to memory, by means of the fact that a 
memory end signal has been returned from the memory side, and reads out data, and (2) 
as a synchronous interface, the method that ends the operation of memory after the 
number of processor cycles permanently determined in advance, for example, when data 
is fetched from memory, it is decided, in advance, to read the data from memory after five 
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cycles, for example, and an operation is carried out to go and get data after five cycles 
after the generation of the start signal with respect to the memory. 

However, with these kinds of methods there are the weak points that there is 
synchronization loss to the extent of the one clock or two clocks for asynchronization - 
synchronization, in order to synchronize the processor clock, and even when the clocks 
are not synchronized, a circuit for the purpose of receiving the above-mentioned memory 
end signal becomes necessary in the control circuit itself, and when the memory access 
times change, there must be great changes that extend to the memory control circuit. 

Consequently, the present invention offers a memory control method to ameliorate 
these problems, and in addition, to enable access even to memory with different access 
times. For this purpose, the memory control method according to the present invention, is 
characterized by having [translator's note: several blacked out characters] a memory 
access time holding means with the memory access time entered, and an access time 
entering means that enters the access time of the memory that should be accessed, and a 
time detection means that detects the passage of the access time held in the above- 
mentioned memory access time holding means, and by being devised so as to confirm 
that when the memory access time held in the above-mentioned access time holding 
means has elapsed, the memory access of the memory that should be accessed has ended. 

One embodiment of the present invention is explained below based on the attached 
drawing. 

The drawing shows the constitution of one embodiment of the present invention. In 
the drawing, 1 indicates the number one control memory, 2 indicates the number two 
control memory, 3 indicates the control memory address register, 4 indicates the decoder, 
5 indicates the AND circuit, 5' indicates the OR circuit, 6 indicates the control memory 
output register, 7 indicates the memory access cycle counter, 8 indicates the subtraction 
counter, 9 indicates the "0" detector, 10 indicates the arithmetic unit, 1 1 indicates the 
fixed value circuit and 12 to 15 indicate AND circuits. 

The number one control memory 1 is a memory that can access at a high speed, and 
microprograms with a high frequency of use are entered. The second control memory 2 is 
a memory of a lower speed than the number one memory, but is a mass storage memory, 
and the microprograms other than those entered in the number one memory 1 are entered. 
The address information of the number one control memory 1 and the number two control 
memory 2 is entered in the control memory address register 3. Chip selection information 
is included in this address information, and this is explained by the decoder 4 and, by 
means of the selection signals CSO or CS1 sent as a result, either the number one control 
memory 1 or the number two control memory 2 mentioned above is selected. 

The memory access cycle counter 7 has a fixed value transferred from the fixed value 
circuit 1 1 entered. This fixed value has the number of clocks equivalent to the access time 
of the number one control memory 1 entered. For example, when the access time of the 
number one control memory 1 is 100 ns and the cycle of a clock is 20 ns, f, 5 M is entered. 
The subtraction counter 8 reduces by -1 the number entered in the memory access cycle 
counter 7 in proportion to the clocks, for example, when said memory access cycle 
counter 7 has "5" entered, after five clocks "O" is entered. And, this "0" is detected by the 
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"0" detector 9. The arithmetic unit 10 carries out operations based on the data read out 
from the number one control memory 1 or the number two control memory 2 and the 
external circuit conditions, and the like, and the value obtained as a result is set in the 
memory access cycle counter 7, and in this case a value different from the fixed value 
transferred from the fixed value circuit 1 1 is entered. 

Now, first, when the number one control memory 1 is accessed, address information 
is entered in the control memory address register 3 from the main database. And then the 
memory access control signal (MACQ I becomes T and the AND circuit 12 attains the 
ON state, and the fixed value transferred from the fixed value circuit 1 1 is entered in the 
memory access cycle counter 7. And since the memory access start signal becomes " 1 " 
and the AND circuit 14 attains the ON state, the value of the memory access cycle 
counter 7 is made -1 [Tr.note: reduced by 1?] by the subtraction counter 8, for every 
impression of the clock. During this time the decoder 4 set the selection signal CSO to " 1 H 
according to the address information entered in the control memory address register 3, 
and the data entered in the address designated by the number one control memory 1 is 
read. And then, when the above-mentioned memory access cycle counter 7 has become 
"0" due to the above-mentioned subtraction counter 8, the "0" detector 9 detects this, 
outputs " 1 w and places the AND circuit 5 in the ON state. In this way the data read from 
the number one control memory 1 is output to the control memory output register 6 by 
way of the AND circuit 5. And, based on that address information, the address 
information of the control memory that should be accessed next is entered in the control 
memory address register 3, and at the same time various control signals are transmitted to 
the necessary places. If the address information read by means of this is in the number 
one control memory 1 again, by means of the method mentioned above, the number one 
control memory 1 is accessed again. 

However, when the address information that is read next is in the number two control 
memory 2, first, the decoder 4 sets the selection signal CS 1 to " 1 M by means of said 
address information entered in the control memory address register 3, and the data entered 
in the address designated by the number two control memory 2 is read. And, the memory 
access control signal (MACC) II becomes T and the AND circuit 18 attains the ON 
state. At this time, a large numerical value that is different from the fixed value which the 
arithmetic unit 10 computed and which was generated from the fixed value circuit 1 1, 
was generated and set in the memory access cycle counter 7 by way of the AND circuit 
18. 

When this value has become "0" due to the subtraction counter 8, in the same way, the 
"0" detector 9 outputs "1". And, the data read from the number two control memory 2 at 
this time becomes entered in the control memory output register 6. This type of activity 
can be repeated and a number two control memory 2 with an access time that differs from 
that of the number one control memory 1 can be accessed when necessary. 

Of course, if, in response to the conditions at that time, due to a microcommand an 
external entered signal EXTW is made "1", the AND circuit 15 attains the ON status, and 
the constant CSDR given from the microcommand can also be set in the memory access 
cycle counter 7 from the local store, and the like. And, when the +1 counter is used 
instead of the subtraction counter 8, and the value of the memory access cycle counter 7, 
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instead of the "0" detector 9, has become a certain value, the AND circuit 5 can also be 
configured so as to attain the ON state. And, when changed to one that has an access time 
that is different from that used up to then as the number one control memory, without 
fixing the numerical value entered in the fixed value circuit 1 1, for example, configuring 
so that it can be set from the service processor 16, and the like, shown by the dotted line, 
that value can also be set in line with this new one. 

As explained above, according to the present invention, even if the access times of the 
number one control memory and the number two control memory differ, the memory 
interface does not have a synchronization loss, and is acceptable by simply changing the 
value set in the memory access cycle counter. For that reason, the control memory that 
accommodates a microprogram, for example, enters routines with a high frequency of use 
in a region that uses a high-speed device, and the other routines are entered in a region 
that uses a low-speed device. And if this low-speed device is made one of mass storage, 
ultimately, control memory of mass storage can be obtained at a comparatively low cost. 
And, when all the control memory is constituted of a low-speed device, it can also be 
used as a high-speed control device by using only one part in a high-speed device. 

Furthermore, appropriately changing the execution speed of microcommands and the 
microprogram quantity of the microprogram control device in response to various uses 
also becomes simple, if the present invention is used. 

That is, there is the objective to want to make the control memory mass storage, and 
in the kind of case in which the access time of the control memory is acceptable, even 
when it is somewhat slow, it can be realized without changing the circuit of the control 
device, even if the access time of the entire control memory is slow and is changed to one 
of mass storage. 

Furthermore, in the above explanation an example used as control memory was 
explained, but, of course, the present invention is not limited to this only. 

4. Brief Description of the Drawings 

The attached drawing shows the constitution of one embodiment of the present 
invention. 

In the drawing: 1 indicates the number one control memory; 2 indicates the number 2 
control memory; 3 indicates the memory address register; 4 indicates the decoder; 5 
indicates the AND circuit; 6 indicates the memory output register; 7 indicates the memory 
access cycle counter; 8 indicates the subtraction counter; 9 indicates the "0" detector; 10 
indicates the arithmetic unit; 1 1 indicates the fixed value circuit; 12 to 15 indicate AND 
circuits; 16 indicates the service processor. 

[in the drawing] - 

[line coming from 15] (CSDR) (constant) 
[line coming from 14] memory access start 
[lower right, from CSDR] control signals 

MACCI, MACCE, EXTW, memory access start 
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Specification 

1. Title of the Invention 

Memory storage device 

2. Claims 

In a memory storage device that operates synchronized to the master clock of a central 
processing unit, a memory storage device characterized by the fact that multiple groups of 

a clock selector that selects from the above-mentioned master clock an interface 
signal receiving and sending clock, and due to the fact that the selection conditions of 
said clocks are established from the outside, 

a configuration control register that controls the above-mentioned clock selector by 
said selection conditions are provided. 

3. Detailed Description of the Invention 

The present invention relates to a memory storage device (hereafter referred to as 
"MS"), particularly, one related to an MS that can freely select the receiving and sending 
clocks of the interface signal. 

In an MS that carries out the receiving and sending operations of the interface signal 
synchronized with the master clock of the central processing unit (hereafter referred to as 
"CPU"), taking into consideration the delay due to the machine cycles of the CPU, as well 
as the length of the cable between the CPU and the MS, and the like, the transfer time 
between the CPU and the MS is decided among any of 1/4, 2/4, 3/4 or 4/4 machine 
cycles, and the like. 

After that, the MS decides the interface signal receiving and sending clock based on 
the sending and receiving time of the interface signal in the CPU, and furthermore, the 
transfer time decided as mentioned above. 

FIG. 1 is a connection diagram of the conventional MS and CPU. 

In MS 1 an interface receiving latch 2, an interface sending latch 3, a control part 4 
and a memory part 5 are provided and connected to the CPU 6 via the interface receiving 
latch 2 and sending latch 3. 

The n interface signals 5, (1 - n) transferred from the CPU 6 are latched to the 
interface receiving latch 2 by the respective clock signals ti. The control part 4 and the 
memory part 5 operate according to this latch information. 

The interface sending latch 3 sends the report information of this series of operations 
to the CPU 6 as m interface signals S n (1 - m) according to the clock signal tj. 

In the case of FIG. 1 , as for the latch clocks ti, tj of the interface receiving latch 2 and 
the interface sending latch 3, the respective clocks divided from the clock generating part 
10 of the CPU 6 are used, and with respect to the sending and receiving clocks of the 
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interface signal in the CPU 6, clocks that have shifted only the transfer time (1/4, 2/4, 3/4 
or 4/4 machine cycles, and the like) between the CPU 6 and the MS 1 are used. 

In this way, because up to now the interface signal receiving and sending clocks in the 
MS are fixed by the hardware, when a change of the machine cycle and a change of the 
connection group length has occurred, a large scale change of the hardware is necessary. 
Furthermore, sharing the MS is impossible by other CPUs which have different machine 
cycles or connection cable lengths, and a MS becomes exclusively used for a specific 
CPU. 

The purpose of the present invention is to offer an MS that gives a logical degree of 
freedom to the time relationship of the interface system and makes possible a connection 
to many types of CPUs that have different machine cycles as well as a change of the time 
relationship of the interface system, without changing the hardware, in order to solve the 
above-mentioned conventional problem. 

The MS of the present invention is characterized by the fact that it provides multiple 
selectors for selecting clocks that decide the timing of the receiving and sending of the 
interface signal, and forming a pair with these selectors, configuration control registers 
that control the selection condition of the selectors, and select the interface signal 
receiving and sending clocks by writing control information from the outside to these 
configuration control registers. 

Below, the embodiment of the present invention is explained by means of FIG. 2. 

MSI, the same as formerly, provides an interface receiving latch 2, an interface 
sending latch 3, a control part 4 and a memory part 5 connected to a CPU 6. The n 
interface signals 5, (1 - n) sent from the CPU 6 are latched to the interface receiving latch 
2 by each clock signal ti. The control part 4 and the memory part 5 operate according to 
this latch information. 

The interface receiving latch 3 sends the report information of this series of operations 
to the CPU 6 as m interface signals S„(l - m) by means of a clock signal tj. 

MS 1 , besides these, is provided with a configuration control register 7 and a clock 
selector 8, and the latch clocks of the interface receiving latch 2 and the interface sending 
latch 3 each receive the clocks ti or tj logically selected by the clock selector 8. 
Furthermore, the logical clock selection based on this clock selector 8 is controlled by the 
configuration control register 7. Furthermore, the writing in of the selection conditions to 
the configuration control register 7 can be executed by various methods such as scanning 
in or the operation of a switch of a panel. 

Furthermore, with respect to the input/output interface signals, multiple sets of the 
configuration control register 7 and the clock selector 8 of these have been prepared, and 
by the writing in to each configuration control register 7, logically and freely selecting the 
receiving and sending clocks of the interface signal is possible. 

As explained above, according to the present invention, because the receiving and 
sending clocks of the interface signals of the MS can be logically and freely selected, the 
sharing of the MS by CPUs that have different machine cycles or connection cable 
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lengths is possible, and in the state of being connected to a specific CPU, there is no 
necessity to change the hardware at the time of a change of the machine cycles, a change 
of the connection cable length, or a change of the performance of the memory device. 
Moreover, the clock signal can be changed experimentally, and a marginal test of the 
interface signal can be carried out simply. 

4. Brief Description of the Drawings 

FIG. 1 is a connection diagram of the conventional MS and CPU; FIG. 2 is a 
connection diagram of the MS and CPU that shows the embodiment of the present 
invention. 
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